While there is very little in the literature about criminal or accidental manganese poisoning, manganese ores and their industrial applications give rise to a number of cases of occupational poisoning. The historical background of the condition has already been reviewed in a previous paper (Rodier and Rodier, 1949) but it should be noted that this occupational disease has been recognized since 1837 when Couper of Glasgow observed the first cases among five manganese ore crushers. He described a series of nervous phenomena: muscular weakness, paraplegia, tremor of the extremities, a tendency to lean forward while walking, whispering speech, and salivation.
Since then a number of writers have made further observations and recognized manganese as a poison affecting the central nervous system. It is less well known than other metallic poisons. It continues to be rare since only a limited number of workers come in contact with manganese in a dangerous form. The symptoms, which progress as a rule to total disablement, render it one of the most serious occupational hazards. It poses important social problems, as much concerning the rehabilitation of partially incapacitated labourers, as the care of the sick man and his family by the community.
Manganese and its Ores
Manganese is not found in a free state in nature but its minerals are quite numerous. Manganese dioxide has been known since remote antiquity and Pliny mentions its use in glass making. In 1774, in Stockholm, Scheele defined the nature of the metal after three long years of research. After Bergman's thesis (1774) the chemical existence of manganese was finally established. It was in 1785 that Guyton de Morveau proposed the name " manganese " to distinguish the metal called " magnesium " by Bergman. The metal is extremely diffused in nature under mineral and organic forms. Some writers consider it invariably present in arable soil, 21 and it seems to be an almost constant constituent of living matter. Although manganese in its pure form is of limited use, its derivatives are much in demand in industry. The alloys which it forms with certain metals, and to which it confers remarkable properties, give it great industrial importance. The metal industry could not dispense with it, and uses an average of 14 kilograms of manganese per ton of ordinary steel. Alloys of iron and manganese (ferro-manganese and speigel) play a very important role in steel works as desulphurants and de-oxidisers. Ferro-manganeses also serve in the preparation of numerous special steels with copper, aluminium, and other metals.
Outside metallurgy certain special categories of derivatives called " chemical manganese ", including those varieties richest in bioxide, are used as depolarizers in the manufacture of dry cells. The pyrolusite is used in small quantities in the glass industry as a decolorizer under the name of " glass maker's soap ". Its oxidizing action on the unsaturated fatty acids is used in manufacturing quickdrying paints. The The first are the more important and make up the greater part of the country's production. They are situated in cretaceous terrains such as Imini and Talsdremt, liassic as at Bou-Arfa, or cambrian as at Tiouine (Rodier, 1950) . Reserves of these deposits would amount to 15,000,000 tons.
Exploitation
The techniques vary in different mines. Most of the workings at Imini are underground. The friable and powdery nature of the ore only very rarely calls for blasting or the use of rock-drilling machines. Formerly excavation was by hand-pick but now hand-picks have been replaced by pneumatic drills. The ore is removed in tubs winchhoisted up an incline. One part only is worked as open-cast. The mineral extracted is made up of pyrolusite very rich in manganese. Formerly the ore was screened and hand-picked but now this process is replaced by pneumatic washing. The inconvenience of this system is to get rid of the quantities of dust so it has been necessary to add to this an elaborate apparatus, which seems satisfactory, for suppressing the dust.
The powdery nature of the ore renders its transport difficult and is a serious handicap to its use in blast furnaces. It is thus necessary to treat it in Casablanca in a " sinterization" works using a Dwight-Lloyd machine.
At Bou-Arfa working is by horizontal terraced trenches. The general character of the ore is rather friable and as much as a third of production is made up of small stuff.
At Tiouine workings are entirely underground and mined by the gallery-and-pillar method. Because of the hardness of the rock, excavation is by blasting after the blast holes have been bored by rock drills. The spoil is removed by mine tubs on the level, which are subsequently pulled to the surface by electric winches. Sorting of the large blocks of ore is done by hand-picking.
Personnel
The employees of the mines vary according to the size of the different centres. Table 1 gives their distribution according to their categories and the mines: It is thus clear that the incidence of the poisoning is intimately linked with operations for pulverizing the ore and that this begins with boring blastholes and blasting itself. This agrees with the observations of other writers on the subject who have referred to the condition as " manganese crushers' disease".
The Neurological Syndrome The Onset of the Disease.- Table 2 shows the delay among patients before the onset of symptoms. These details were obtained in 115 of the patients. Table 2 also shows that the onset may be quite soon after one or more months of work. Usually it comes on after one to two years of exposure to manganese and only rarely after so long as a decade. In general its onset is slow and progressive, but occasionally it will appear suddenly within a week accompanied by severe lumbar pain. Quite often there is a period of mental excitement, which may lead the man's relatives to suppose him deranged, and this may be called the " manganese psychosis ". The gait is at this time staggering, talk incoherent and logorrhoeic, and the patient becomes aggressive. At the same time a period of sexual stimulation may be manifested followed usually and quickly by impotence. This last feature is met with in nearly 80% of patients, and quite often among miners in contact with manganese. A period of apathy supplants these phases of excitement. The patient is not concerned about his condition, and this indifference becomes more marked as the disease progresses.
A marked somnolence is also observed, most often to be replaced later by stubborn insomnia. Lumbar pain and cramps in the lower limbs are frequent. These pains are made worse by effort. Some patients complain of headaches and giddiness.
Despite the difficulty in taking histories, due mainly to the patients' slowness of speech as well as their great emotionalism, the symptoms have been classified according to their incidence (Table 3) .
These signs vary a great deal from patient to patient. They may be more or less clear cut, single or multiple, and appear in any order. But in general they mark the onset of the illness. In addition they reappear during the established phase, more or less accentuated. In view of the incurability The Established Phase.-Generally in a few months the evolution of the disease manifests itself by an aggravation of both subjective and objective symptoms as well as by the appearance of disorders of walking.
At this stage muscular hypertonia in extension is undoubtedly the essential symptom dominating the clinical picture. It is almost always marked in the lower limbs and face and is constant in the sense that it never completely relaxes, but it may be intensified either spontaneously or during movement. Hypertonia is expressed as muscular rigidity, which is seen as a characteristically slow, spasmodic, staggering and sometimes high stepping or swinging gait (Fig. 1) . The patient starts with his trunk bent forward as though he were trying to drag hisfeet from the ground. The steps are short and hesitant. He moves with legs spread apart and knees stretched. Sometimes the feet seem to be flung forward, the toe describing a half-circle at each step. Eventually the patient is able to progress normally by putting his feet flat on the ground. In the majority of cases purchase is obtained with the ball of the foot, and this is the gait named " Hahnetritt " or "pas du coq " by Von Jaksch (1907) (Fig. 2) . Only rarely is the contact made along the external border of the foot. Some patients are able to progress only when supported by another or with a stick (Fig. 3) . The staggering so often seen does not appear to be of cerebellar origin but rather due to hypertonia which, slowing down the automatic movements conserving balance, obliges the patient to walk with straddled legs. Walking backwards is impossible, the patient who attempts it falling backwards at once or after a few steps. Climbing up or descending a ladder has long since had to be abandoned, and it is often impossible to maintain balance standing upright with feet together.
The half-turn becomes progressively more difficult, the patient achieving it by little steps, very slowly. In certain cases it becomes impossible, the sick man losing his balance and falling. Walking on uneven ground, and especially on hills, is a source of frequent falls. If it is found possible to climb a stair by the aid of banisters and successive tractions on the legs, going down is virtually impossible. The patient sits down and lets himself slide from step to step.
In those whose muscular power remains intact lifting even light weights from the ground is impossible since once the weight moves the subject loses his balance and falls forward.
In a general way even an extremely light push backwards makes the patient topple over in spite of the angles of support having been strengthened by straddling his legs. Crouching usually leads to falling backwards, the patient being able to rise again only with difficulty.
Most voluntary gestures are carried out very slowly. If they are more or less complex the subject breaks them up, leaving a gap between each. Abnormal tiredness rapidly develops and the patient interrupts his efforts by long periods of rest.
Along with these symptoms, and closely associated with the muscular rigidity, one begins to notice tremors. These may either be spontaneous Development of the Disease In considering the symptomatology of this condition its progressive character has been seen. Those cases which sometimes recover if they are withdrawn promptly from dangerous work will not be considered but discussion will be confined to those victims in whom the established lesions have caused disability. Table 5 shows the distribution of the degrees of invalidism. The degree of disability is on the whole high. Moreover, the disabilities are not definitive, in the sense that they can become worse in the course of years. It is for this reason that legislation allows victims recourse to arbitration in the event of aggravation of their symptoms. In no case must the slowness and tenacity of the progress of the disease be forgotten. It is inexorable: once established it does not regress.
In all the patients examined the nervous disorders showed, after the patient had stopped work, no tendency to regress but I have been notified of two patients with disorders of walking which finally disappeared. These We have not been able to determine in which organs the metal is deposited since it has not been possible to perform a necropsy on a victim of this poisoning, but it seems that slowness of elimination allows the disease to develop though the patient is out of all contact with the toxin and thus favours the establishment of progressive and irreversible lesions.
Manganic Pneumopathies
Certain writers (Brezina, 1921 ; Bubarev, 1931 Baader, 1932 Buttner and Lenz, 1937; and Jotten, 1942) have described pneumonia caused by manganese, and, from the experimental point of view, the remarkable investigations of Lloyd Davies (1946) have defined the role played by manganese in pneumonia.
Lack of time and the necessity of seeing the disease as a whole have prevented us so far from making a detailed study of the problem.
It is not proposed to consider the clinical picture of the pulmonary complications seen among manganese workers but some observations and figures gathered in the course of our studies will be given.
In Morocco Cauvin (1943) This factor cannot be regarded as absolute, since it would be necessary to know the age distribution of the whole labour force, and this is very difficult.
Biological Changes
We have carried out many investigations of sick patients, suspects, and those considered healthy in an attempt to find a test for manganese poisoning. We propose to publish elsewhere the results of this study, which involves more than 10,000 analyses.
While we have not found an absolutely indisputable test, it none the less appears to us that the victims of manganese poisoning display certain changes in the white cell count, the rate of excretion of the 1 7-ketosteroids, and the basal metabolism.
White Cell Count.-In 52% of patients we found a change in the white cell count with a relative increase of lymphocytes and a decrease in the number of polymorphonuclear cells.
Excretion Judging by analyses of the ores, it does not seem that their toxicity is in strict relation to their composition. However, it is worth noting that the ore at Tiouine which causes most of the cases of poisoning is less oxidized than that at Imini and at Bou-Arfa.
From the mineralogical point of view it appears that the most dangerous manganese ore is braunite, and in particular the crushing operation which conditions the toxicity.
The possible activating role played by certain metals or alkaline-earths associated with manganese in the ores must not be forgotten. Lead, which is present in considerable quantity in some deposits, seemed especially interesting. However, despite our researches we have failed to detect any symptoms of lead poisoning among the miners.
In the face of all these elements it is very difficult to lay down exactly what quantity of dust and of mineral is necessary to produce intoxication. It is, however, rather odd to note that while the illness appeared on an average after 18 months of work at Tiouine and four years at Imini, it takes about 1312 years to manifest itself at Bou-Arfa. From a biological point of view the highest grades of manganese are met with at Tiouine and this confirms the importance of the degree of breakdown into fine particles.
Furthermore, it is evident that the longer the exposure to a foul atmosphere the greater the risk of intoxication. To the length of stay in dusty surroundings is also to be added the increase in volume and the number of respiratory movements caused by fatigue and physical effort. The quantity of dust inhaled is thus directly related to the occupation of the worker and the conditions of his environment (temperature, humidity, foul atmosphere).
Too many factors are interwoven for it to be possible to lay down in an exact and absolute manner a limit for atmospheric manganese. Our checks of dusty atmosphere lead us to think that a prophylactic system which would keep the number of particles less than 5 microns down to 1,500 per cubic centimetre of air and the manganese content to 100 milligrams per cubic metre of air would on the whole be satisfactory. Even so, it would not completely eliminate all danger of poisoning; nor can all the other factors we have successively studied be neglected. To be of value any prophylaxis must be adapted to each type of mining operation and to the ore. Treatment So far as we know there is no treatment for manganese poisoning when it reaches its established phase, but the usual palliative drugs for rigidity and tremor can be used. We have never, in spite of all our investigations, observed any definite improvement, still less regression of the symptoms. It has been the same with the treatment advised by Charles (1927) , based on liver and trials of group B vitamins in small and large doses. Physiotherapy and electrical treatment, admittedly carried out with inadequate means, have been inconclusive.
The only possible treatment is immediately to withdraw from work anyone presenting the first symptoms of intoxication. From that moment the aim must be to rid the system completely of the manganese.
We have tried numerous products experimentally over several years and for a long time these trials proved unfruitful. The discovery of the antitoxic action of calcium versenate on manganese allows us to envisage the use of this substance in occupational poisoning by manganese and its derivatives (Rodier, Mallet, and Rodi, 1954) . Indeed calcium versenate provides an interesting means of fixing manganese in a non-toxic and readily excreted form, but its use as a prophylactic can only be regarded as an agent for the elimination of manganese, given at regular intervals in such a fashion as to avoid an accumulation of the metal.
From a therapeutic pbint of view it is difficult to see how it could be used in patients with established neural lesions since these are irreversible. However, for patients in the early stages of poisoning its action on excretion might perhaps prevent the inexorable evolution of the disease towards total and permanent incapacity. Prophylaxis What we have observed concerning the conditions of toxicity of dusts and their penetration by the pulmonary route simplifies and at the same time complicates the problems of prophylaxis. Technical measures will have to be applied above all to those working positions where the ore is crushed. So far as medical measures are concerned there is no need for them to be applied in the same way for all workers. The frequency of periodic examinations will depend on the type of work done. It would be pointless to put a miner operating a rock-drill and one directing mine-tubs on the same system of medical surveillance.
The organization of the medical service should be directed towards protecting the worker by supervising his state of health from his engagement throughout the course of his employment in the mine.
Examination on First Employment.-This examination aims principally at determining the aptitude of the individual and alloting him to the job which will suit him best. In the case of manganese mines it is wise to exclude from dangerous operations, and in particular those which involve the pulverization of ore, a certain group of subjects whose physical condition leads one to presume that they will tolerate manganese badly.
Those who should be regarded as unsuitable are men with lesions of the excretory organs, the liver and kidneys, blood disorders, organic lesions of the nervous system, progressive pulmonary diseases, and those with a past history of meningeal or encephalitic disturbance. A medical dossier will thus be established for each employee considered suitable for work with manganese.
Periodic Medical Inspections.-The gravity of manganese poisoning demands in effect a detection of pre-manganism so that irreversible neurological manifestations may be avoided. The time that elapses between first contact with the metal and the appearance of neural lesions is of varying length. During this latent period it is reasonable to suppose that functional disturbances may precede organic lesions. The demonstration of such disorders would constitute an excellent clue to pre-manganism. Unfortunately in spite of our researches we have not been able to discover an absolutely specific test for pre-manganism. However, periodic examinations will allow the subjective and objective signs of intoxication to be observed. This examination will be completed as far as possible by certain biological analyses whose importance we have come to recognize in the course of our studies and investigations. The frequency of these examinations will depend upon the danger of the work. Examinations of rock-drill operators should take place every two months; for other underground workers, ore loaders, conveyors, they should be six-monthly. For the rest of the personnel, and in particular for surface staff, an annual examination should suffice, but from this latter category must be excluded workers who may find themselves in an area where ore is pulverized. For these the same measures should be taken as for rock-drillers. Technical Measures.-To carry out good prophylaxis against manganism it is very important to recognize that the operation which is dangerous above all others is crushing ore. This is the origin of almost all cases of poisoning.
So far as actual mining of the ore is concerned, the boring of charge holes and blasting are the operations causing most of the dangerous dusts. These two procedures give rise to clouds of dust of very different density and difficult to measure. In general, once the cloud is produced each particle is propelled at its own speed according to its diameter, its weight, and the draughts in the galleries. The danger from these particles will thus depend on the distance of the worker from the source of production. The risks run by underground workers other than those at the drilling or blasting points will therefore be variable and in practice very difficult to determine.
In the mines studied, boring blast holes is done dry with a pneumatic drill, and very rarely with hand-spike and sledge hammer. In the course of boring the quantity of dust emitted depends on the state of the rock, the fine dusts being increased by the hardness of the ore and diminished by moisture (our studies of dustiness in Table 7 demonstrate the importance of this particular factor in the rocky type of ore fairly rich in silica); the slant of the bore-hole; the rapidity with which it is bored; the escape of air from the drill which produces and maintains a truly artificial dust cloud.
Blasting we have classed among the greatest producers of dust and is particularly dangerous since it is the origin of numerous very fine particles. These are of high toxicity, for they sediment badly and remain in suspension for a long time in the air. We insist on the absolute necessity of shot firing at the end of the shift, and only once at a time. At Good damping of the dust can only be obtained after a sufficiently long contact of water with the ore, and demands a sufficient flow. Different types of pneumatic rock-drills with water injection are on the market and vary in the efficiency with which they eliminate. It again follows that company management should not choose their equipment except after carrying out varying tests or after having gained sound advice. However, water injection is not without some drawbacks. The worker using the apparatus is liable to get wet, especially at the beginning of boring since then the water has a tendency to splash back. In this event the miner has the unfortunate habit of beginning the bore-hole dry. Most of the time we have noticed that the inefficiency attributed to water injection is due either to this mistaken manoeuvre or to the workman, neglectful of the danger of poisoning, reducing or suppressing the flow. Another drawback of water injection is that it raises the humidity of the air and so makes work more difficult in a hot atmosphere. Despite all these drawbacks, this technique remains a very good means of combating dust and seems to be the most efficacious way of limiting manganese poisoning in the mines. In the event of there being no water, it will be necessary to resort to dust traps. Unfortunately, quite often in these devices the interception is inadequate and filtration even less efficient, for they allow a portion of very dangerous dust to pass.
All these measures directly applicable to the source of the particles need to be completed by general arrangements concerning evacuation of dust and general ventilation. Dust arising from -shovelling, loading, and blasting can only be removed by a collecting system involving a gathering point, a channel without any inert zones, and eventually a point of discharge of the dust to the air. In spite of everything a good evacuation of dust still leaves a lot of particles in suspension, does not get rid of toxic gases, and does not replace the air. It is, therefore, necessary to complete the cleansing of the working by ventilation. This will have to be adapted to the mine in such a fashion as to avoid eddies which would be the cause of new dust clouds. The use of flexible ventilating pipes, less heavy and easier to manipulate than rigid tubes, appears to be recommended.
General Measures.-We have seen that manganese mostly penetrates by the pulmonary route. In underground work the physical effort needed is very great. It is rendered more difficult by the temperature, the humidity, and the foul air. The number of respiratory movements increase and tend to accentuate the risks of poisoning by raising the quantity of dust entering the body. It is therefore necessary to mechanize as much as possible the handling of ore generating toxic dusts.
The use of " pushers " for blocking-up the rockdrills and so avoiding great physical effort on the part of the miners seems to be a measure to be developed.
Concerning surface installations, it is absolutely indispensable to isolate from other operations the crushing of the ore and pneumatic washing which are both great producers of dust. To the greatest degree possible these processes should be carried out in closed and air-tight installations.
In order to ensure the full efficiency of these measures every company will be concerned to see that a technician is specially charged to check up on various anti-dust appliances. He will also have to ensure strict control of dustiness in the workings.
Finally a progressive organization will promote a rotation of personnel in such a way as to bring about a process of disintoxication by changes of duty. This is very important for rock-drill operators.
But all these measures will be merely speculative if each worker is not told of the dangers of poisoning and if management is not vigilant to see that the preventive means put at the workman's disposal are effectively used.
Compensation Legislation Following the example of a number of countries, such as Great Britain, Germany, Chili, Switzerland, and the U.S.S.R., Morocco has listed manganese poisoning among the compensatable occupational diseases.
This legislation recognizes among the manifestations of manganese poisoning the nervous syndrome and pneumonia. It defines the work liable to produce it as the extraction, handling, and industrial use of the ores. This legislation is still not complete and will require recasting upon certain points. As a result of our researches we are studying at present a full text which will define the conditions of compensatory action, the medical measures to be applied in mines, and the prophylaxis to be instituted there.
It seems important to point out that the period of one year laid down under certain laws after which responsibility lapses is quite insufficient. We have seen a certain number of cases appear several years after stopping work, and it therefore seems reasonable that the period of responsibility should extend for five years. Legislation should also allow a plaintiff to obtain a revision of his pension in the event of his symptoms worsening. It is in fact known that a small percentage disability evolves more or less rapidly to a 100% incapacity. Summary This paper surveys recent knowledge of manganese poisoning among Moroccan miners. After a brief introduction on the manganese deposits where the disease is encountered, the clinical syndrome is described. One hundred and fifty cases of poisoning have provided the material for these investigations. Manganism is studied under its two aspects: the neurological syndrome progressing inexorably and irreversibly, and the pneumopathies. Individual susceptibility, whose role seems important in this condition, and the conditions for toxicity are successively discussed. The latter constitute one of the most difficult problems since prophylaxis depends directly upon it. Some problems, such as the part played by dust, are described. If at present treatment of the disease is only palliative and cannot produce regression of symptoms, the elimination of manganese by the use of calcium versenate opens new possibilities. An important section is devoted to problems of prophylaxis, and exact indications are given of both medical and technical measures to be taken. Finally certain legal aspects of compensation are presented and discussed.
The illustrations in this article belong to the author's collection or are extracted from the film " Manganism " produced by J. Rodier in collaboration with J. Boyer and R. Chenay, the script writer.
